The reaction between dialkyl acetylenedicarboxylates and N-H acids such as pyrazole and indazole in the presence of triphenylphosphite at room temperature led to stable phosphonate ester derivatives 4a-f. The configuration of compounds 4a-f (2S * ,3R * ) was determined on the basis of coupling constants predicted from the Karplus equation.
Introduction
In recent years there has been an increasing interest in the synthesis of organophosphorus compounds, in particular those bearing a carbon atom bound to a phosphorus atom. This interest has resulted from the recognition of the value of such compounds in a wide range of industrial, biological and chemical synthetic aspects. [1] [2] [3] [4] [20] [21] [22] The successful attack by nucleophilic trivalent phosphorus on a carbon atom is facilitated when the latter is part of, or conjugated with, a carbonyl group, or when it is part of an unsaturated bond otherwise activated. [2] [3] [4] [5] [6] [7] [8] [9] [10] There are many studies on the reaction between trivalent phosphorus nucleophiles and α, β-unsaturated carbonyl compounds in the presence of a proton source such as an alcohol or a phenol. 2,10,11 New or improved methods for phosphonate synthesis continue to attract much attention because phosphonates have biologically important properties and serve as natural products, analogues of phosphates, phosphonopeptides, amino acid analogues and pro drugs. Also the phosphonate esters have physiological activity within the cell .
both the 1 H and 13 C NMR spectra of 4a, it helps in the assignment of the signals by long-range couplings with the 1 H and 13 C nuclei (see Experimental section). The 1 H and 13 C NMR spectra of (4b-f) are similar to those of 4a, except for the ester groups, which exhibited characteristic resonances with appropriate chemical shifts (see Experimental section). The structural assignments made on the basis of the 1 H and 13 C NMR spectra of compounds (4a-f) were supported by the IR spectra. The carbonyl region of the spectra exhibited two distinct absorption bands for each compound (see Experimental section). Of special interest is the ester absorption at 1745-1719 cm -1 for these compounds.
Scheme 2 Experimental Section
General Procedures. Melting points and IR spectra of all compounds were measured on an Electrothermal 9100 apparatus and a Shimadzu IR-460 spectrometer respectively. Also, the 1 H, 13 C, and 31 P NMR spectra were obtained from a BRUKER DRX-500 AVANCE instrument with CDCl 3 as solvent at 500.1, 125.8, and 202.4 MHz respectively. In addition, the mass spectra were recorded on a Shimadzu QP 1100 EX mass spectrometer operating at an ionization potential of 70 eV. Elemental analysis for C, H and N were performed using a Heraeus CHN-ORapid analyzer. Dialkyl acetylenedicarboxylates, triphenlphosphite, pyrazole and indazole were purchased from Fluka, (Buchs, Switzerland) and used without further purifications. Preparation of (2S,3R*)-dimethyl-2-(pyrazole-1-yl)-3-(diphenoxyphosphonato)butane dioate (4a). To a magnetically stirred solution of triphenylphosphite (0.31g, 1mmol) and pyrazole (0.07g, 1mmol) in diethyl ether (10ml) was added dropwise a mixture of dimethyl acetylenedicarboxylate (0.14g, 1mmol) in diethyl ether (5ml) at -10 °C over 10 min. After
